The present investigation was stimulated mainly by previous observations of Kotin and Wisely' and of Leuchtenberger et al.,2-4 who exposed mice to a combination of subacute respiratory infections with influenza virus and inhalation of aerosols of hydrocarbons, or to a combination of such infections with inhalation of cigarette smoke, respectively. In view of the fact that both studies suggested that influenza virus may be implicated as a cofactor in the development of bronchogenic carcinoma, a further exploration of the role which influenza virus may play in malignant transformation seemed of special interest. Tissue cultures provide a much better model than the living animal for the evaluation of time sequential cellular alterations during transformation. In this investigation the effect of influenza virus on cells was studied in long-term tissue cultures using correlated cytological and microspectrographic cytochemical techniques.5' 6
The present investigation was stimulated mainly by previous observations of Kotin and Wisely' and of Leuchtenberger et al.,2-4 who exposed mice to a combination of subacute respiratory infections with influenza virus and inhalation of aerosols of hydrocarbons, or to a combination of such infections with inhalation of cigarette smoke, respectively. In view of the fact that both studies suggested that influenza virus may be implicated as a cofactor in the development of bronchogenic carcinoma, a further exploration of the role which influenza virus may play in malignant transformation seemed of special interest. Tissue cultures provide a much better model than the living animal for the evaluation of time sequential cellular alterations during transformation. In this investigation the effect of influenza virus on cells was studied in long-term tissue cultures using correlated cytological and microspectrographic cytochemical techniques.5 ' 6 Evidence will be presented that PR 8 influenza virus evokes not only transformation of cells in cultures similar to that described by Shein and Enders7 and by Shein et al. 8 in cells from human kidney cultures infected with SV40 virus, but also that inoculation of subcultures into the living animal results in the production of malignant tumors.
Materials and Methods.-An inbred strain of mice, characterized by a hereditary recessive anterior pituitary hypoplasia (Snell's dwarf mice) was utilized. 9 We selected this strain because it afforded the opportunity to compare the response of cells to infection with influenza virus in tissue cultures from litter mates, which are dwarfs, with that of normal mice.'0 This report will, however, be concerned only with the effect of influenza virus on cells from "normal mice" of this strain. Kidneys from mice (9-25 days old) and bronchi2 from normal mice (37-70 days old), were trypsinized and grown on coverslips in plastic Petri dishes in Eagle's growth medium, modified according to Dulbecco 72 hr, 7 days, and 20 days after infection) and corresponding control cultures were washed 3 times with PBS, and washed guinea pig red cells were added at a concentration of 0.5%. These cells were left on the tissue culture cells for a few minutes with occasional rocking of the Petri dish. The red cell suspension was then drained and the cultures were washed once carefully with PBS. Hemadsorption was observed under low-power and high-power magnification after staining with Giemsa and Feulgen Fast Green. '4 Results.-When primary cultures of kidneys from Snell's mice (9-25 days old)
were examined at different periods after infection with PR 8 influenza virus, specific cytological and cytochemical features were observed as summarized in Table 1 and as described below. The cellular alterations were reproducible in all of 168 infected cultures from 11 experiments and were not found in 170 corresponding noninfected control cultures of the same age. Although the changes in the cultures were not always confined to a special stage, but were sometimes overlapping (particularly between stages I and II and between stages II and III), for convenience of description the sequential alterations progressing with time are divided into 3 main stages.
Stage 1: An increasing number of cells exhibit a marked enlargement, 24-72 hr after infection, in nucleolar and nuclear size, with production of inclusions, first in the nucleus, then in the cytoplasm, accompanied by formation of large quantities of RNA, first present in nucleoli, nuclei, and then in cytoplasm, while the DNA quantity remains unchanged. These cells do not show any evidence of cell division but, on the contrary, disclose gradual cell degeneration and cell destruction, as indicated by breaking up, margination of nuclear chromatin, and ballooning of nuclei, with gradual loss of RNA and finally of DNA from cells. This sequence of cytological and cytochemical events is essentially the same as described after in vivo infections with PR 8 influenza virus.4e 6 These sequential changes were never found in control cultures.
Stage II: From 72 to 144 hr after infection, areas of cell necrosis become more prominent, but at the same time foci of pronounced cellular proliferation are found, which frequently seem to be heaping up and display a crisscross appearance. Such proliferating cells do not reveal any of the morphological and nucleic acid alterations described in stage I. They resemble those found in areas of rapid proliferation in noninfected control cultures, that is, both exhibit mitosis and carry intracellular DNA and RNA augmentations in accordance with the process of cell division. However, the tendency to crisscross growth seems to be somewhat more frequent in the infected cultures. Furthermore, as can be seen from Figure 1 , the intracellular DNA content in areas of proliferation of infected cultures is, in general, higher than in cells of similar areas of control cultures. This difference in the DNA content in areas of proliferation not only holds true for the primary cultures, but also for the subcultures.
Stage III: From 144 hr up to the termination of the experiment (the longest being, 78 days), striking cellular alterations which have never been seen in the corresponding control cultures can be observed in the infected cultures. In contrast to the controls, which form now a rather even sheet of relatively uniform cells (Fig. 2) , the infected cultures show a disorganized pattern, such as marked disparity of size of cells, of nuclei, and of nucleoli and their number. There is also disruption of cell boundaries, and ragged appearance of cytoplasm with frequent vacuolization.
Within areas of rarefication, where signs of preceding cell degeneration can still be seen, a number of extraordinarily large cells with bizarrely shaped giant nuclei, frequently disclosing budding and formation of micronuclei, and highly abnormal distribution of clumped large quantities of chromatin are noted (Figs. 3a,  3b) . Some of these cells exhibit abnormal prophases and metaphases, tripolar spindles, and marked alterations of chromosomes, such as stickiness, lagging, and feathering. DNA analyses of these abnormal cells by microspectrography yield values approximately 90 times, while in control cultures the largest nuclei, which were rather rare and of normal shape, yield values up to 16 times the amount of a diploid nucleus.
Essentially the same findings as those described for kidney cultures after infection with PR 8 influenza virus were obtained in infected cultures of bronchi from normal Snell's mice. However, since control cultures of bronchi from these adult mice revealed a much more variable morphological and DNA pattern of the cells, an assessment of the changes induced by the infection with influenza virus of bronchial epithelium in cultures presents difficulties.
In view of the fact that abnormal cells in the infected cultures (Figs. 3a, 3b .4~~~~~~~~~~~~~~. Fig. 3a ). iniplicated as a cofactor inl the development of bronchogenic carcinoma,'-but it imposes caution on the strict separation between "tumor" viruses and "infectious" viruses. 6 Immunological studies are under way to explore the interrelation between PR 8
